An optimization model for a battery swapping station in Hong Kong by Pang, KH et al.
Title An optimization model for a battery swapping station in HongKong
Author(s) Wu, TH; Pang, KH; Choy, KL; Lam, HY
Citation
The 2015 IEEE Transportation Electrification Conference and
Expo (ITEC), Dearborn, MI., 14-17 June 2015. In Conference
Proceedings, 2015, p. 1-6
Issued Date 2015
URL http://hdl.handle.net/10722/214832
Rights IEEE Transporation Electrification Conference and Expo (ITEC).Copyright © IEEE.
An Optimization Model for a Battery Swapping 
Station in Hong Kong 
Tony Hao Wu, Grantham K. H. Pang 
Department of Electrical and Electronic Engineering 
The University of Hong Kong, Hong Kong 
haowu@eee.hku.hk, gpang@eee.hku.hk 
Abstract - In this paper, a battery swapping station (BSS) model 
is proposed as an economic and convenient way to provide 
energy for the batteries of the electric vehicles (EVs). This 
method would overcome some drawbacks to the use of electric 
vehicles like long charging time and insufficient running 
distance. On the economic concern of a battery swapping 
station, the station would optimize the availability of the 
batteries in stock, and at the same time determine the best 
strategy for recharging the batteries on hand. By optimizing the 
charging method of the batteries, an optimization model of BSS 
with the maximum number of batteries in stock has been 
developed for the bus terminal at the Hong Kong International 
Airport. The secondary objective would be to minimize a cost on 
the batteries due to the use of different charging schemes. The 
genetic algorithm (GA) has been used to implement the 
optimization model, and simulation results are shown. 
Keywords: Battery swapping station, electric vehicle, genetic 
algorithm, battery charging methods. 
1. INTRODUCTION 
Recently, electric vehicles (EVs) are being widely adopted 
not only because of the reducing quantity of fossil fuels, but 
also considering the greenhouse gas emISSIOn and 
environment protection. However, masses of customers are 
still willing to buy traditional vehicles due to some well­
known drawbacks of EV s, such as long charging time, short 
battery lifetime, limited travel distance per charge and 
expensive EV batteries. Battery swapping model is 
considered as an effective way to solve these issues. When 
the battery of a vehicle is running low, an EV driver can drive 
to the nearest battery swapping station (BSS) and swap to a 
fully-charged battery within two minutes. Tesla has recently 
demonstrated the robotic technology for such a battery 
swapping in public. The BSS can also provide a battery 
leasing service to reduce the expense incurred by the EV 
owners. 
This research paper proposes a new battery swapping 
station model that optimize for achieving the maximum 
number of batteries in stock. When this primary objective is 
achieved, the model will try to minimize a cost function due 
to the use of different charging schemes to the batteries. 
Based on the proposed model, an example of a battery 
swapping station is obtained for airport buses to the Hong 
Kong International Airport. The current airport bus service 
schedule and demand will be used as a reference in the study. 
Simulation data was generated and the proposed optimization 
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model has been used to provide good and feasible solutions to 
the example. The genetic algorithm (GA) has been used to 
obtain solutions for the various scenarios assumed in the 
study. 
II. LITERATURE REVIEW 
The electric vehicle technology has been applied in many 
countries all over the world. Many different kinds of vehicles 
such as private cars, taxi cabs, buses and trucks, have gone 
electric. By the end of September 2014, the global number of 
the electric vehicles has already reached more than 600,000 
units, which grew from 100,000 units in 2011, 180,000 units 
in 2012 and 405,000 units at the end of 2013 [1]. 
However, limitation on battery is still the chief drawback to 
the development of the EV technology. Firstly, battery is 
deemed to be the most expensive component of an electric 
vehicle considering its initial purchase cost related to the life 
of the battery. Secondly, the travel range per charge mainly 
depends on the chemistry of battery. The most commonly 
used battery on EVs is the lithium-ion battery, which can 
provide a travel range from 320 to 480 km per charge. For 
example, Model S, the latest model of Tesla Motor, equipped 
an 85 kWh battery containing 7,104 lithium-ion battery cells, 
can rate at 510 km [2]. Yet, the range is still too short for 
some travelers who need to travel long distances within a day. 
Thirdly, charging time varies depending on different types of 
charging technology and equipment. Based on the Model S 
Tesla, charging from a 120VI15A household outlet, the travel 
range is increased by 6 km for per hour charging. If charged 
from 240V/50A power outlet, the charging rate increases to 
46 km per hour charging. When charged from a Tesla 
charging station using fast charging technology, the rate may 
reach 92 km for per hour charging [3]. 
Some other studies proposed on EV battery swapping with 
an aim to reduce carbon emission reduction by applying 
renewable energy sources (RES). Gao et al.[4] proposed a 
new economic dispatch model considering wind power for an 
EV battery swapping station using the Particle Swarm 
Optimization (PSO) method. They obtained a result that a 
battery swapping station operated based on wind power can 
be profitable. According to Chen et al. [5], the battery 
swapping station distribution model and power distribution 
model were established based on the energy exchanges in the 
battery swapping system. The authors proposed the "feed-in 
shift" method to realize optimal configuration of wind power, 
solar power and hydropower. 
Sarker et al.[6][7] proposed a battery swapping station as 
the mediator between the power system and the EV owners 
by an optimized business and operating model. As the 
business model, the BSS is aimed to supply the battery 
demand and maximize its profits. Taking the time 
dependencies of the electricity prices, the BSS can make 
profits by buying electricity during the low-price periods and 
selling electricity during the high-price periods, and shifting 
energy within the batteries in stock. They tested the model by 
two case studies. The first study is on a small battery stock 
with a single battery type, and the other one is on a large 
battery stock with two battery types. Results showed that 
accounting for battery demand uncertainty, electricity price 
uncertainty, and battery degradation costs, the proposed 
business model provided an effective service to the battery 
swapping station. 
Wong et al. [8] designed an intelligent battery information 
management system for swapping batteries to eliminate the 
limitation of long charging process and huge infrastructure 
cost. Their idea is to charge swapped batteries in a 
management hub, and then deliver the batteries to a switching 
station via an optimized route with minimal supply chain 
cost. The researchers proposed a web service model and a 
data warehoused model to share battery information, together 
with an optimization tool to optimize vehicle routing for 
battery distribution. Based on a local case study, the result has 
shown that the proposed model has potential value to 
minimize the supply chain cost. Yet, the model did not 
represent the battery charging process in the swapping 
station, which would result in the shipment of the batteries. 
In this paper, we assume that the battery swapping station 
would carry out the charging at the same location, which 
would give a more economical and efficient battery swapping 
and management system. The use of different charging 
methods for the swapped batteries would affect the stock 
supply of the station due to the different finishing charging 
time. Also, the battery life would be different and there is a 
cost associated with different charging schemes. 
III. METHODOLOGY 
In this study, the battery swapping station (BSS) would 
optimize the availability of the batteries in stock, and at the 
same time determine the best strategy for recharging the 
batteries. By determining the charging method of the 
batteries, an optimization model of BSS has been developed 
for the airport buses. 
A Operation of a battery swapping model 
The proposed battery swapping station model is shown in 
Fig.l. For an airport bus in the garage or at service on the 
road, whenever a bus driver desires for a battery swap, a 
swapping request would be sent to the BSS server. A bus 
driver can even request for a specific time for the battery 
swap. The BSS would reply to provide a battery swap 
appointment. The information on the remaining capacity of 
the battery can be provided to the BSS as well. Together with 
information on the battery arrival time, the server would 
decide on the charging method to be used on the incoming 
batteries. 
When the bus arrive at the appointment time, a swapping 
machine would swap the battery automatically, and then the 
battery's condition would be checked. If damaged, it would 
be fixed on the maintenance center. Otherwise, it would be 
charged at the battery charging station. Once charged, the 
batteries would be sent to the battery management stock 
room. The batteries would be ready for swapping, while the 
information would also be sent to the database server. 
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Fig.l. Operation model of a battery swapping station 
The following considerations are given for selecting the 
BSS location near to the airport: 
1. The BSS can be located in the bus garage, which would 
have enough space for the upload and offload process in a 
swap operation. 
2. It is also desirable for BSS to be close to the bus 
terminal at the airport so that a bus in need of battery 
swapping does not need to travel a long distance. 
3. The BSS should not be located in the city center due to 
the expensive land cost and traffic jam. 
B. Optimization Model 
1. Assumption 
In the following optimization model, the battery swapping 
station (BSS) determines the number of batteries in stock. In 
this process, the batteries are that fully charged and ready for 
a swap would be updated in real-time. This optimization 
model would assign different charging method to the 
incoming batteries. In that case, we aim to obtain the 
maximum number of batteries in stock with a minimum cost 
on battery charging. 
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2. Notation: 
TABLE I 
NOTATION OF VARIABLES 
Set of time with index t. 
Set of swapping order with index o. 
Set of charging method with index m. 
Swapping demand of battery at time t. 
Quantity of charged batteries at time t. 
The charging method of Order o. 
Charging cost to a corresponding charging method m. 
Charging rate of Method m. 
Finish charging time of Order o's using method m. 
Start charging time of Order o's battery. 
Remaining capacity of Order o's battery (%) 
Capacity of a full battery (kWh) 
Parameters related to charging methods. 
3. Mathematical furmulation 
In the proposed model, the idea is to maximize the profit of 
the battery swapping station (BSS) by assigning different 
charging method to the incoming batteries. 
Due to expensive purchasing cost and high maintenance 
expense, with limited backup battery quantity, a BSS should 
always try to maximize the number of fully-charged batteries 
in stock by charging up the swapped batteries. However, the 
fast charging method would cause more damage to the battery 
than the normal charging method, which would mean a 
hidden expense to the BSS. The multi-objective function 
satisfy the following equations: 
subject to : 
Objl = Max [Min(Ct - Dt )] (1) tET 
Obj2 = Min [LCh(o)] (2) 
OEQ 
TF =Ts + (lOO-
CoR) CF 
o 0 100 R.n 
Ch( 0) = Cost(Mo) 
O<CoR<100, \7'OEO 
(3) 
(4) 
(5) 
In (1), the deviation, between the fully charged batteries 
and the demand, stands for the number of backup. Hence, the 
objective is to maximize the number of batteries in stock for a 
BSS in the forecast. Considering the high damage of fast 
charging, (2) indicates another objective function of this 
model. On the condition that the maximum Obj I has been 
obtained, the fitness function Obj2 is used to express an 
optimal solution. 
In (3), it shows that the finish charging time T/ depends on 
the start charging time To s, the battery's remaining capacity 
CoR, the battery's capacity CF, and the charging method Mo. 
Four charging methods, M= {I, 2, 3, 4}, are proposed in this 
model. The charging methods can be decided according to the 
demand from the orders and the stock condition. If the 
foreseeable demand rises and there may not be enough 
batteries to meet the swapping demand, the BSS would 
decide to charge the empty batteries using fast-charging. On 
the other hand, if the demand drops, the BSS can use the 
normal-charging, which can prolong a battery's lifetime. 
In (4), the cost Ch of battery 0 would be calculated by the 
charging methods to be used on the order, which is defined by 
different cost values. The higher Ch value is, the higher 
damage it may cause to the battery. In (5), CoR denotes the 
percentage of electricity remained before charging, which is 
in the interval of 0 and 100. 
e. Genetic Algorithm Operation 
In order to obtain an optimized solution for the BSS based 
on the use of different charging methods, Genetic Algorithm 
(GA) is considered as an efficient and powerful method to 
obtain a solution for such high computational complexity 
(NP-Hard) problems. GA is an evolutionary algorithm, 
which generate solutions to optimization problems usmg 
mutation, selection and crossover operations. 
IV. SIMULATION AND RESULTS 
There are currently more than twenty-five manufacturers of 
electric bus in the world. Some well-known manufacturers 
include ABB, Thomas Built Buses, Proterra, Mitsubishi 
Heavy Industries, Tecnobus and BYD. Kowloon Motor Bus 
Company Limited ("KMB") , which is one of the most 
popular bus company in Hong Kong, announced that their 
first ever franchised battery-powered electric bus was put into 
service on 9 September, 2013 [9]. The electric bus was 
powered by a lithium iron phosphate battery, whose longest 
traveling distance when fully charged is around 180 km. The 
bus took about 3 hours for a full charged, which would 
usually take place at night. Due to the limitation of traveling 
distance, the bus was used to some short distance route or in 
the morning and evening peak hours. 
At the end of June 2014, there are 3832 buses with 429 bus 
routes in Hong Kong, which have helped to release the city's 
traffic congestion. There are 27 airport bus routes serving the 
entire city of Hong Kong. However, these heavy emission 
vehicles aggravate the air pollution, greenhouses effect and 
non-reusable fuel consumption problems. 
Based on the proposed model and assuming that all airport 
buses are electric, a battery swapping station for the airport 
buses is studied for the Hong Kong International Airport. 
Two examples are described below to demonstrate the 
effectiveness of the GA algorithm in finding solutions to our 
optimization problem. 
A Example 1 with 15 orders 
1. Initialization of the Model 
The following is a list of orders confirmed with the BSS. 
As Table II is shown, there are 15 orders simulated in this 
example. The second column data gives the arrival time when 
the vehicles arrive at the BSS. The third column data indicate 
the remaining capacity of the batteries in percentage before 
recharge. For example, assuming that the current time is 
06:00am, the first order means that the vehicle would arrive 
at the BSS at 08:25am (in 145 mins) and its battery's 
remaining capacity would be 17%. 
Order Index 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
\ I  
12 
13 
14 
15 
TABLE II 
lNITIALlZA nON OF ORDERS 
Arrival time (in mins) Remaining Capacity (in %) 
145 17 
35 22 
51 16 
67 28 
43 12 
37 28 
108 30 
35 28 
83 18 
51 24 
74 21 
139 12 
40 30 
10 27 
136 16 
2. Optimization operation 
In this study, we use 50 iterations to obtain a solution. The 
initial number of battery is twenty. As Fig.2 shows, it is 
obvious that the number of battery in stock can remain stable 
at 10 in service to the 15 orders, which means that only 10 of 
20 batteries are used to satisfy the demand. 
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Fig. 2. Graph of Obj I in 50 iterations 
With the primary objective Obj 1 achieved at a value of 10, 
the secondary objective Obj2 is used to obtained a better­
optimized solution. The Fig.3 shows that the Obj2 drops from 
0.7 to 0.3 in the 50 iterations. The results show that the 
proposed model is suitable for the BSS to obtain an optimized 
charging schedule. 
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Fig. 3. Graph of Obj2 in 50 iterations 
3. Results 
After 50 iterations, the best-optimized result is obtained as 
shown in Table III and Fig.4. 
In Table III, the fourth column data is the assigned 
charging scheme. It is obvious that ten of the fifteen orders 
are charged using the ultra-fast-charging method. In that case, 
these fast-charged batteries may be swapped to the incoming 
orders later. For example, the Order 14 is the first order and it 
would be fully charged 75 minutes later, so that the battery 
would be swapped to an order later. 
Order Arrival 
Index time 
(in mins) 
I 145 
2 35 
3 51 
4 67 
5 43 
6 37 
7 108 
8 35 
9 83 
10 51 
I I  74 
12 139 
13 40 
14 10 
15 136 
TABLE III 
RESULTS OF ORDERS 
Remaining Charging 
Capacity method 
(in %) (1,2,3,4)" 
17 4 
22 4 
16 4 
28 1 
12 4 
28 1 
30 4 
28 4 
18 4 
24 1 
21 4 
12 4 
30 2 
27 1 
16 4 
Battery fully 
charged time 
(in mins) 
368 
245 
277 
132 
278 
101 
297 
227 
303 
1\9 
286 
376 
144 
75 
361 
'Charging method: I-slow charging; 2-normal charging; 3-fast charging; 
4-ullra fast charging 
The Fig.4 shows the variation graph of battery number in 
stock in the next 450 minutes. The graph indicates that the 
first ten orders would swap the batteries in stock, while the 
other five orders may swap the batteries that were charged 
from the previous orders. In that case, only ten backup 
batteries would be used, which satisfied the primary objective 
to maximize Obj 1. 
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Fig. 4. Graph of batteries in stock 
B. Example 2 with 60 orders 
l. Initialization of the Model 
In this example, we simulate a situation with 60 orders 
coming in the next three hours. Similar to Example 1, the 60 
orders are randomly distributed with random remaining 
capacity. 
2. Optimization operation 
In this case, we also use 50 iterations to obtain a solution. 
As Fig. 5 shows, the Objl, which indicates the maximum 
number of batteries in stock, keeps increasing step by step. It 
means that the model is trying to get a better solution using 
the primary objective function. 
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Fig. 5. Graph of Obj I in 50 iterations 
When the Obj 1 is stable at one value, the model will try to 
use the secondary objective function to achieve a better 
solution to the problem. For example, the Objl value is 20 
from iteration 6 to iteration 18, so the model is trying to drop 
the Obj2 value from 0.65 to 0.58 as Fig. 6 shown. Once a 
better Obj I is found, the search would continue to lower the 
charging cost (Obj2). 
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Fig. 6. Graph of Obj2 in 50 iterations 
3. Results 
After 50 iterations, the best-optimized result is obtained as 
shown in Fig. 7. In this study, the assumed initial number of 
batteries in stock is 60 to make sure that it is sufficient for the 
demand of the 60 orders. In this graph, the minimum number 
of batteries reaches 24, which means that only 36 batteries in 
stock (60-24 = 36) are used to swap to the coming vehicles. 
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Fig. 7. Graph of batteries in stock 
The distribution of the sixty orders' charging method is 
shown in Table IV. In this result, there are 21 batteries 
charged by slow charging method, 7 batteries charged using 
nonnal charging, 12 batteries using fast charging and 20 
batteries charged by ultra fast charging method. 
Battery charging method 
Number of orders 
TABLE III 
RESULTS OF EXAMPLE 2 
'Charging method: I-slow charging; 2-normal charging; 3-fast charging; 
4-ullra fast charging 
V. CONCLUSIONS 
In this paper, we studied the problem of establishing a 
battery swapping station for electric buses to overcome the 
drawbacks of EV batteries. The model aims to optimize the 
operation of BSS, that is to assign the best charging scheme 
for the incoming batteries, to satisfy the swapping demand 
with minimum battery cost during the day. This model is 
realized using the genetic algorithm with multiobjective 
function. Basing on the proposed model, we performed the 
computational experiment using two examples. Firstly, the 
result shows that the model was trying to get the maximum 
number of batteries in stock as Obj 1 shown. Secondly, if the 
Obj 1 is stable at the maximum value, the model would try to 
minimize the value of Obj2, which indicates charging cost to 
batteries. The results of the two examples have shown that the 
genetic algorithm is eligible for the battery swapping model. 
The developed model is relevant to the airport bus in Hong 
Kong. At the end of June 2014, there are 3832 buses with 429 
bus routes in Hong Kong, which includes 27 airport bus 
routes. These buses have helped to release the city's traffic 
congestion. However, these heavy emISSIOn vehicles 
aggravate the air pollution, greenhouses effect and non­
reusable fuel consumption problems. Assuming all the 
traditional buses are replaced by electric buses, the proposed 
battery swapping model would help bus companies to 
optimize their bus charging strategy and promote the 
environmental protection for the government. 
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